Simple visual inspection of bacteria indicated that, at least in some otherwise symmetric cells, structures such as flagella were often seen at a single pole. Because these structures are composed of proteins, it was not clear how to reconcile these observations of morphological asymmetry with the widely held view of bacteria as unstructured "bags of enzymes." However, over the last decade, numerous GFP tagged proteins have been found at specific intracellular locations such as the poles of the cells, indicating that bacteria have a high degree of intracellular organization. Here we will explore the role of chromosomal asymmetry and the presence of "new" and "old" poles that result from the cytokinesis of rod-shaped cells in establishing bipolar and monopolar protein localization patterns. This article is intended to be illustrative, not exhaustive, so we have focused on examples drawn largely from Caulobacter crescentus and Bacillus subtilis, two bacteria that undergo dramatic morphological transformation. We will highlight how breaking monopolar symmetry is essential for the correct development of these organisms.
A lthough prokaryotes with dramatic, colorful stripes such as Blake's "tygers" have not been seen, many bacteria found in nature show morphological polarity (Young 2006) . This could simply be a consequence of the elaborations of bacterial cellular architecture, akin to the famous decorative but not structurally essential Spandrels in the Basilica di San Marco in Venice that are a side-effect of an adaptation, rather than a direct product of natural selection (Gould and Lewontin 1979) . However, it is more likely that this polarity can be traced to a particular function in cellular physiology. An example is the ActA protein of Listeria monocytogenes that is localized at a single bacterial pole (Theriot et al. 1992; Goldberg and Theriot 1995) . The interaction between ActA and the Arp2/3 complex induces actin filament formation at that pole and therefore serves to propel the bacterium (Loisel et al. 1999) . In this article, we will address the mechanisms underlying such asymmetric protein distributions.
At least two aspects of prokaryotic cell physiology are intrinsically polar. First, cytokinesis in rod-shaped organisms occurs typically in the middle, so cells have an "old" pole and a "new" pole. Even in cells with a coccoid (round) morphology, the two hemispheres have different ages. At a molecular level, the poles are zones of inert peptidoglycan (Fig. 1A) resulting from the absence of new synthesis (de Pedro et al. 1997 ). Thus, the differential age of a pole could be reflected in its differential "inertness." Because surface exposed proteins can become immobilized in these zones (de Pedro et al. 2004) , these proteins could serve as landmarks for the establishment of morphological structures. However, few demonstrations of an interaction between peptidoglycan and a protein that result in a particular pattern of protein localization have been reported, so this mechanism remains largely hypothetical. A second basis for intrinsic polarity derives from the asymmetry of the haploid bacterial chromosome (Rocha 2008) . Because bacterial chromosomes have a stereotypical layout within the bacterial cell and genes are located in either origin proximal or original distal positions, genetic loci have a defined spatial distribution (Teleman et al. 1998; Viollier et al. 2004; Berlatzky et al. 2008) that could serve as a template to direct asymmetric protein localization (Fig. 1B) . Although this mechanism is appealing, not least for its simplicity, the colocalization of genes and their encoded proteins remains largely speculative (Norris et al. 2007) . As discussed in more detail in the following, however, the chromosomal position of two genes necessary for cell fate determination in B. subtilis does play an important role in the activity of their respective proteins.
Because most prokaryotes show at least one of these kinds of cellular polarity, the question becomes how do proteins become asymmetrically localized within the cell? Proteins can localize to one or both poles, to the mid-cell, or to helices spanning the length of the cell (Graumann 2007) . Here, we will explore how some of these patterns are established and then focus on their function in cellular physiology.
HOW ARE THE CELL POLES IDENTIFIED?
Many bacteria are rod-shaped and, by first approximation, are symmetric (Janakiraman and Goldberg 2004) . However, even rods that appear symmetric show deviations in this symmetry, such as slight differences in the shape of the two polar caps (Guberman et al. 2008; Itan et al. 2008) . Although it is not clear how these deviations are used by the cell, the two poles are functionally distinct in that cells that inherit the "older" pole ( Fig. 1A) show a diminished growth rate and an increased incidence of death (Stewart et al. 2005 ) perhaps because of asymmetric segregation of protein aggregates (Lindner et al. 2008 ). More generally, the relative age of the poles may be reflected in their molecular constituents, such as proteins and/ or peptidoglycan. However, before addressing differences in the poles, it will be useful to examine how they are distinguished from the longitudinal axis of the cell.
One way to distinguish the poles would be membrane curvature because the longitudinal axis of the cell is curved only in one direction (the curvature associated with the cylinder wall), whereas the cell poles are curved in two dimensions. The membrane phospholipid cardiolipin has an inherent curvature preference resulting from the energetics of the particular geometry of the intermolecular interaction between cardiolipin molecules that have a small head-to-tail ratio (McAuley et al. 1999 ). This characteristic results in the formation of cardiolipin domains at the cell poles via microphase separation of the membrane (Huang et al. 2006; Mukhopadhyay et al. 2008 ). Thus, a protein that has a preference for cardiolipin will localize to these patches at the cell pole ( Fig. 2 ). This mechanism has been shown to underlie the polar localization of the E. coli proline transporter/osmosensor ProP (Romantsov et al. 2007 ) because it is found in an even cellular distribution in bacteria that are missing the cardiolipin synthase genes (Romantsov et al. 2008) . Mutations of ProP that affect its osmosensing prevent polar enrichment, indicating a relationship between function and localization, although how this is achieved remains unclear.
Another protein that preferentially binds cardiolipin in vitro is the glycosyltransferase MurG (van den Brink-van der Laan et al. 2003 ), a key player in peptidoglycan synthesis. In C. crescentus, MurG localization to the mid-cell is dependent, perhaps indirectly, on the cell division nucleator, the tubulin-like protein FtsZ, although the role of cardiolipin was not reported (Aaron et al. 2007) . It remains unclear, therefore, whether the preferential binding of MurG that was observed in vitro has a functional role in vivo. In fact, although both curved membranes and polarity are present during B. subtilis sporulation where a large number of proteins are targeted to the Figure 2 . Lipid domains at cell poles. The membrane phospholipid cardiolipin favors rounded surfaces because of the energetics of intermolecular interactions between the lipid molecules. Thus, the cardiolipin (blue) forms domains at the cell poles and proteins (red) that preferentially interact with the lipid are therefore localized to the cell poles. spherical membrane surrounding the developing forespore, mutations that disable cardiolipin synthesis only reduce sporulation slightly (Kawai et al. 2006) . Thus, although lipidprotein interactions may mediate polar targeting, few proteins likely rely exclusively on this mechanism.
Proteins themselves could have a higher affinity for cell poles. B. subtilis DivIVA is found at the cell poles and this localization is required for both the polar localization of MinC, a protein necessary for proper mid-cell division (Marston et al. 1998) , as well as that of RacA, a protein necessary for polar attachment of chromosomes during sporulation (Ben-Yehuda et al. 2003) . Because DivIVA polar localization does not appear to be mediated by either FtsZ or a protein involved in septal peptidoglycan synthesis (Hamoen and Errington 2003) and expression of a GFP fusion of B. subtilis DivIVA in the fission yeast Schizosaccharomyces pombe results in a polar fluorescent signal (Edwards et al. 2000) , DivIVA may recognize some physical aspect of the pole, such as curvature, through a polar targeting sequence (Perry and Edwards 2004) . Alternatively, the interaction of DivIVAwith a chromosomal partitioning protein, which itself localizes to the origin region of the chromosome, suggests that chromosomal asymmetry may be the ultimate driving force for the polar DivIVA distribution (Perry and Edwards 2006) , but this appealing possibility has not yet been examined.
Specific hydrophobic amino acid sidechains in the amphipathic a-helix of B. subtilis SpoVM are necessary for its specificity for the forespore membrane as compared with the cytoplasmic membrane during sporulation (Ramamurthi et al. 2006 ). Specifically, a change from a proline to an alanine (Ramamurthi et al. 2009 ) causes the protein to lose this preference ( Fig. 3) . In vitro experiments indicate that SpoVM directly senses the curvature of the membrane and thereby discriminates between the positive curvature of the forespore membrane and the negative curvature of the cytoplasmic membrane (Ramamurthi et al. 2009 ). Because amphipathic a-helices are important for membrane interactions in a number of bacterial proteins such as MinD (Szeto et al. 2003; Zhou and Lutkenhaus 2003) and FtsA (Pichoff and Lutkenhaus 2005) , this mechanism could underlie polar targeting more generally. Interestingly, eukaryotic proteins containing a BAR domain and an amphipathic helix bind membranes and are sensitive to curvature, so this mechanism may be phylogenetically conserved (Peter et al. 2004 ).
However, not all polar proteins appear to use this mechanism. During chromosome segregation in C. crescentus, the sister chromosomes become anchored at cellular opposite poles. A protein DNA-complex comprising a centromere-like sequence and a specific DNAbinding protein that recognizes this sequence is necessary for this event. PopZ, a protein with intrinsic polar affinity appears to mediate attachment of this complex to the cell poles (Bowman et al. 2008; Ebersbach et al. 2008 ). However, PopZ is found localized at regular intervals in the chromosome-free regions of filamentous cells generated by blocking cell division. Thus, the polar localization of PopZ is achieved independently of division and does not appear to be dictated by the curvature.
HOW ARE THE CELL POLES DISTINGUISHED?
We will now turn our attention to proteins found only at a single pole. Like L. monocytogenes ActA, Shigella flexneri IcsA is necessary for the actin polymerization that drives bacterial motility in the host cell cytoplasm. IcsA belongs to a large family of auto-transporters that, along with other members of this family, is found localized at the old cell pole (Jain et al. 2006) . In fact, even in artificially generated, spherical E. coli, IcsA is found preferentially at the cell "tips" (Pradel et al. 2007 ). This distribution is not dependent on the Min system that is responsible for preventing polar division, the chromosomal position of the gene, or on the Sec pathway of protein secretion. Thus, although origin of the polar distribution of IcsA remains mysterious, it could remain at the poles through an interaction with stable, polar molecules such as components of the lipopolysaccharide layer (Jain et al. 2006 ). Two possible mechanisms could derive information from mid-cell cytokinesis to generate polarity. First, an essential and early player in this event is the tubulin-like protein FtsZ that forms polymers at the eventual site of cell division. Because structures such as the medial FtsZ rings that appear to be symmetric with respect to the poles are composed of subunits with intrinsic asymmetry (Lowe and Amos 1998) , one could imagine that this asymmetry could be used to direct proteins to one pole if there was a single polymeric ring and the targeted protein selectively bound only one face. However, the structure of this polymer in vivo is not clear (Li et al. 2007 ) and it may form multiple coil-like structures at mid-cell that do not have definitive orientation with respect to the poles (Michie et al. 2006) . Regardless, proteins with affinity for the FtsZ ring (or, more generally, with other components of the division apparatus) would end up at the "new" cell pole of the daughter cells. A protein that might act in such a way is C. crescentus TipN that is required for the polar localization of the pilus, flagellum, and signaling apparatus. TipN could serve as a "birthscar" or a "landmark" protein that interacts with the FtsZ polymer at the septum and therefore marks the new pole (Huitema et al. 2006; Lam et al. 2006 ). This mechanism would require an asymmetric TipN-FtsZ interaction that has not been shown, but, if so, TipN could serve as the initial intrinsic cue of the polarization of the flagellated pole.
A second mechanism depends on later events in cytokinesis, specifically synthesis of the cell wall peptidoglycan that comprises the septum. Cell poles are largely inert with respect to peptidoglycan synthesis (de Pedro et al. 1997 ) because the completion of septation at mid-cell marks the end of de novo synthesis. Thus, proteins involved in this synthesis could remain associated with the peptidoglycan, and the extent of this association would be correlated with the "age" of the poles. That is, the "new" pole would have more of these associated proteins than "old" poles and these proteins could serve as landmarks for morphological asymmetries. Candidate proteins include transpeptidases and transglycosylases necessary for peptidoglycan synthesis during septation. One of these proteins, E. coli FtsI, is seen only occasionally at cell poles, well after septation, although whether this localization reflects the relative time following septation is not known (Weiss et al. 1997) . The E. coli Tsr chemotaxis protein localizes to cell poles (Liberman et al. 2004 ) and the fluorescent signal of a Tsr-GFP fusion was correlated with the age of the pole
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Cite this article as Cold Spring Harb Perspect Biol 2009;1:a003368 as determined by cell lineage analysis (Ping et al. 2008) . In slower growing cells, there was a strong difference between the old and the new pole Tsr-GFP signal, and this relation was also observed, albeit less robustly, in faster growing cells (Ping et al. 2008) . Thus, although the mechanistic basis of these different mechanisms remains obscure, rod-shaped bacteria can distinguish their poles from the rest of the cell and further distinguish the two similar looking, but not identical, poles.
HOW DO PROTEINS GET TO A CELL POLE?
One can envision several ways to direct a protein to a pole. For example, if the macromolecular complexes responsible for protein synthesis and/or secretion were asymmetrically distributed, then this could serve as a targeting mechanism. A fluorescent protein fusion of the large ribosomal protein L1 is observed near the poles of growing B. subtilis cells (Mascarenhas et al. 2001) . Although this localization could simply be a passive consequence of exclusion from the medially located nucleoid rather than a directed targeting mechanism, this distribution appeared to be dependent on the active synthesis of RNA. However, one difficulty in interpreting this result is that this fluorescent fusion reports the distribution of inactive ribosomes and proteins not associated with ribosomes in addition to the relevant active ribosomes. Interestingly, protein components of the secretion apparatus are located at the cell poles in the Gram-positive bacterium Streptococcus pyogenes (Rosch and Caparon 2004) . Thus, a "landmark" membrane protein could end up at a cell pole because of localized and coupled synthesis and secretion.
An alternative mechanism that could target proteins to the poles and does not depend on an enzymatic reaction, such as protein secretion is called "diffusion and capture," where proteins freely diffuse through the cytoplasm or, in the case of integral membrane proteins, through the membrane, until they bind to a protein or a protein complex (Rudner et al. 2002 ). If these "capturing" proteins are themselves localized, then this interaction will result in the localization of the "diffusing" proteins. Such a mechanism occurs during B. subtilis sporulation in which a membrane protein is targeted to a polar septum. One might expect that this protein, SpoIIIAH, would be found distributed in the entire membrane surrounding the cellular compartment where it is expressed. However, SpoIIIAH is only observed in the portion of the membrane that abuts the membrane of the adjacent compartment (Blaylock et al. 2004 ). This asymmetric localization is determined by the presence of a protein in this adjacent membrane, SpoIIQ, which interacts with SpoIIIAH across the intermembrane space ( Fig. 4) via the extracellular domains of both proteins and thereby restricts SpoIIIAH localization (Blaylock et al. 2004 ).
POLARITY IN PROKARYOTIC DEVELOPMENTAL PATHWAYS
Although all rod-shaped bacteria are by definition polar, many bacteria undergo much more complex morphological differentiation. These changes are dictated in response to either extrinsic or intrinsic cues and often result in a change of daughter cell fate. They typically begin with the establishment of cellular asymmetry in the precursor cell. This process can reinforce a pre-existing polarity, as is the case with C. crescentus, or initiate a new cellular asymmetry, as is the case with B. subtilis when it undergoes sporulation.
C. crescentus
A single flagellated C. crescentus cell gives rise to unequal daughter cells. The "swarmer" cell is flagellated, whereas the "stalked" cell lacks a polar flagellum and instead has a polar stalklike appendage that facilitates adherence to surfaces. C. crescentus is intrinsically polar because the flagellum is found only at one pole, in contrast with B. subtilis undergoing sporulation where the newly defined polarity results from the asymmetric division of a previously symmetric cell. Extensive analysis has been performed on how this intrinsic polarity generates dissimilar progeny in C. crescentus (Laub et al. 2007; Brown et al. 2009 ), but we will focus here on a single example.
A key master regulator of differentiation is CtrA, the DNA-binding response regulator that has numerous downstream targets in the C. crescentus cell cycle, including the genes encoding components of the flagellum (Laub et al. 2002) . The activity of CtrA is dependent on its phosphorylation state and this modification also has consequences for the partitioning of CtrA into the stalked cell. DivK, a response regulator present in both daughter cells immediately after cell division, controls CtrA phosphorylation and localization by participating in a multiple protein phosphorelay that mediates phosphotransfer from the DivJ kinase to CtrA (Wu et al. 1998) . The ability of DivK to regulate CtrA differentially in the two daughter cells is dependent on its phosphorylation state that is itself the result of the action of both the DivJ and the PleC kinase. These two proteins localize to opposite poles of the cell at division (Wheeler and Shapiro 1999) , suggesting that the phosphorylation state of DivK differs in the two daughter cells (Ryan et al. 2004) . DivK thus has different activities in the two daughter cells and this ultimately results in their differential fates ( Fig. 5A ) (Matroule et al. 2004; Ryan et al. 2004; Biondi et al. 2006) .
How is this protein asymmetry set up? MreB is a prokaryotic actin-like protein that forms pole-to-pole spirals in a number of bacteria, including C. crescentus. Depletion of MreB results in a disruption of chromosomal origin localization as well as inappropriate targeting of proteins such as DivK (as well as PleC, DivJ, and CckA) (Gitai et al. 2004 ). However, the dependence of MreB polar localization on TipN (see previous discussion) (Lam et al. 2006) suggests that this mechanism may be quite complex. In addition, it is not clear how MreB might mediate cellular polarization. Several scenarios have been proposed, largely based on the role of actin as a polarizing factor in eukaryotes. For example, the inherent polarity of MreB filaments might direct proteins to one pole, as occurs with myosin and actin during polarized growth of budding yeast (Li and Wai 2004; see Slaughter et al. 2009 ), although the direction of MreB polymerization appears to be independent of cellular polarity (Kim et al. 2006) . Alternatively, the differential properties of the MreB polymer ends (Kim et al. 2006) could allow for asymmetric motility as is observed in vitro with actin (Li and Wai 2004) . Finally, MreB may play a similar role in other bacteria because the absence of E. coli MreB achieved through either genetic or chemical means led to the loss of polar targeting of several proteins including IcsA (Nilsen et al. 2005) and the chemoreceptor Tar (Shih et al. 2005 ).
B. subtilis
When Bacilli are exposed to nutrient-limiting conditions, the previously symmetric cells initiate a developmental sequence that ultimately results in the establishment of a striking cellular polarity with the formation of a heat and desiccation resistant spore at one pole (Errington 2003) . A key step in this pathway is the formation of a single, asymmetrically positioned septum. This event can be viewed as "symmetry-breaking" because the cell goes from being symmetric to asymmetric with respect to septum position (Fig. 5B ). Although sporulating cells can (rarely) make two polar septa (Hilbert and Piggot 2004) and in fact, early in sporulation, FtsZ rings are seen near to both poles (Ben-Yehuda and Losick 2002), wild-type cells typically make a single septum. If cells were able to only construct a single septum at a time, presumably because of insufficient factors necessary for the simultaneous synthesis of two septa, then this limitation would be responsible for the pronounced polarity seen in most sporulating bacteria. Overexpression of part of the biosynthetic cascade underlying septum formation might therefore allow simultaneous formation of two symmetric and polar septa, but this possibility has not been examined. Is this developmental asymmetry connected to (or even dependent on) the old pole/new pole asymmetry? Initial microscopic examination of sporulating cells suggested that there was a roughly equal chance of sporulation occurring at the old and new poles but necessary assumptions concerning the origins of the poles hampered a more accurate assessment. More recently, time-lapse microscopy has facilitated a careful lineage analysis that confirmed the absence of any preference in the choice of pole that will be the site of septum formation (Veening et al. 2008) . Interestingly, this lack of preference is not observed in a related bacterium, Bacillus megaterium, where asymmetric septum formation at the old pole is strongly (but not absolutely) favored (Hitchins 1975) .
A second example of polarity in this process occurs during the attachment of one of the chromosome origins to a cell pole. When the asymmetric sporulation septum forms over that attached chromosome, the origin-proximal one-third of the chromosome is located in the forespore, the smaller compartment, and genes at origin distal positions are located outside the forespore (Fig. 1B) . So, during the time it takes for chromosome translocation to complete, origin distal genes are excluded from the forespore. This transient genetic asymmetry has important implications because, as discussed below, the differential activation of both compartment-specific transcription factors is dependent on the chromosomal position of genes encoding proteins necessary for this activation (Dworkin 2003) . The DNA-binding protein RacA is essential for the proper attachment of this chromosome origin to a cell pole, a necessary step in the establishment of this genetic asymmetry (Fig. 5B) . Somewhat surprisingly, however, racA mutants are only slightly defective in sporulation. An answer to this apparent contradiction emerged during careful inspection of racA mutant cells, where it became clear that even in the absence of RacA function that led to a failure of polar attachment and the formation of an empty forespore, most cells were able to successfully attach the other chromosome at the second pole (Ben-Yehuda et al. 2003) . Thus, RacA allows the cell to "escape" from an initial bad morphological decision at one pole and ultimately establish cellular polarity by completing attachment at the other pole.
One way to convert chromosomal polarity to cellular polarity occurs during sporulation (Dworkin and Losick 2001) where the cell is divided into two differently sized compartments preceding the completion of chromosome segregation. As described above, this results in the transient absence of origin distal genes from the smaller of the compartments. One of these genes encodes an unstable inhibitor of a transcription factor, so during its period of exclusion from this compartment (20 min at 378C), the levels of this inhibitor protein fall in the smaller compartment and thereby contribute to the activation of the transcription factor selectively in this compartment. Thus, the presence of the gene at an original distal position (genetic polarity) is converted into the activation of the transcription factor in one of two compartments (morphological polarity). A similar "position" effect is also observed in the activation of a second transcription factor that is active only in the larger compartment. The chromosomal position of the gene encoding a component of the signaling pathway necessary for activation of these transcription factors greatly affects the activity of this pathway and therefore the ability of the cells to progress in sporulation (Khvorova et al. 2000; Zupancic et al. 2001) . Because the period of this transient genetic asymmetry is determined by the rate of chromosome translocation, the position of this signaling gene on the chromosome directly affects the activation kinetics of the transcription factor. In fact, manipulation of the position of this gene results in the appearance of novel developmental fates, including the formation of cells containing spores at both poles (Eldar et al. 2009 ).
OTHER EXAMPLES OF POLARITY
Bacterial morphologies are diverse and range from relatively subtle deviations from linearity to intricate branching patterns. C. crescentus is a curved rod and inactivation of the gene encoding a protein, crescentin, with homology with eukaryotic intermediate filament (IF) proteins is sufficient to transform the crescent-shaped rod to a straight rod. Crescentin localizes to the curved side of the cell and was proposed to interact with other cytoskeletal elements to promote this distortion (Ausmees et al. 2003) . Thus, in this organism, cellular polarity is not just anterior-posterior, but dorsal -ventral. This class of proteins may play a broader role in morphology because a homolog plays a role in establishment of the tip hyphal structure in actinomycetes. In particular, atomic force microscopy has shown that the FliP homolog in Streptomyces coelicolor contributes significantly to the mechanical rigidity of the hyphal tip, consistent with the proposed role of CreS (Bagchi et al. 2008) . A wide variety of bacteria, including those with rod-like shapes, such as B. subtilis, have proteins with a similar IF-like architecture (Bagchi et al. 2008 ), suggesting that they may play a role in a broader range of morphological types and could provide a structural basis for cellular polarity.
In some actinomycetes, hyphae that originate from the lateral walls in addition to the more commonly seen tips generate a complex pattern of branching. S. coelicolor DivIVA is necessary for the initiation of branching through the formation of DivIVA foci followed by localized peptidoglycan synthesis (Hempel et al. 2008) . Interestingly, these foci formed preferentially at curved hyphal walls, similar to the polar localization observed with B. subtilis DivIVA as discussed above. Because E. coli can be induced to branch following mutation of a single penicillin-binding protein (Nelson and Young 2000) , this mechanism of branching (and subsequent loss of symmetry) may be broadly conserved.
CONCLUSIONS
Although it is clear that polarity plays an important and diverse role in microbial physiology, the mechanisms responsible for establishing these morphological polarities have remained relatively obscure. However, this situation is changing as we begin to understand the relationship between physical aspects of polarity (e.g., membrane curvature) and the localization of the proteins that comprise polar complexes. The identification of bacterial proteins that sense curvature (e.g., B. subtilis SpoVM) or sense lipids such as cardiolipin whose cellular distribution is sensitive to curvature (e.g., E. coli ProP) that we have discussed in this article will facilitate more specific tests of the roles of these physical attributes in establishing cellular polarity. For example, membrane curvature could be monitored by the presence of fluorescently labeled cardiolipin-enriched domains simultaneously with protein localization to these domains. It will be informative to see how this mechanism relates to curvaturedetecting proteins in eukaryotic cells by determining whether these proteins also recognize bacteria ends.
Once the poles are distinguished from the rest of the cell, the examples described in this article illustrate that this symmetry is broken by differentiating the two poles and that this process is essential for successful establishment of cell type in both B. subtilis and C. crescentus. The relationship between the chromosomal position of a gene and the eventual subcellular polarity of its encoded protein that plays a central role in cell type specification in B. subtilis sporulation may be broadly used to target proteins. In fact, the stereotyped spatial organization of the nucleoid in bacterial cells appears similar to the stereotyped organization of eukaryotic chromosomes in the nucleus where particular genetic loci are often found at similar locations within the nucleus (Fedorova and Zink 2009 ). Thus, eukaryotes may also use the chromosomal position of a gene as a mechanism to break morphological symmetry.
